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. @ Anti-sense regulation of gene expression In plant cells.

Regulation of expression of genes encoded for in plant cell genomes is achieved by integration of a gene
under the transcriptional control of a promoter which is functional In the host and in which the tranécribed strand
of DNA is complementary to the strand of DNA that is transcribed from the endogenous gene(s) one wishes to
regutate. The integrated gene, referred to as anti-sense, provides an RNA sequence capable of binding to
naturally existing RNAs, exemplified by polygalacturonase, and inhibiting their expression, where the anti-sense

" sequence may bind to the coding, non-coding, or both, portions of the RNA. The anti-senss construction may be
introduced into the plant celis in a variety of ways and be integrated into the plant genome for inducible or
constitutive transcription of the anfi-sense sequence. A wide varisty of plant call properties may be modified by
employing this technique. ’ .
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Th modification of plants by genstic engineering has lagged bshind the understanding and utilization
of the molecular biology of unicsllular organisims and mammalian cells. Techniques that have proven
effective for stable transformation of unicellular microorganisms or mammalian cells with foreign DNA have
not found useful analogy with plant cells. Therefors, despits the many achievements involved with
unicallular microorganisms and mammalian cells, the number of achievements with plant cells has been
substantially fewer and the experience with the other types of organisms has not been readily translatable
into successful practices with plant cells.

in many situations it will be desirable to modify an existing trait of a plant cell, rather than introduce a
new trait. Thus, one may wish to modify the activity of a particular enzyme, provide for the preferential
expression of one allele as compared to ancther, one isozyme as compared to another, or the like. In many
instances one may only wish to reduce the amount of expression of a structural gene, rather than inhibit
expression entirely. [t is therefore of interast to develop techniques which will allow for directed modification
of the phenotype of particular plant cells, piant tissues or plants. .

Crowley et al. Cell (1985) 43:633-641, describe the use of an anti-sense construct of the discoidin gene
transfecied info Dictyostelium To repress -expression of endogenous discoidin genes. See also references
cited thersin. Anti-sense reguiation has also been described by Rosenberg et al. Nature (1985) 313:703-
708; Proiss ot al. Nature (1885) 313:27-32; Melton, Proc. Netl. Acad. Sci. US A (1885) 82:144-148; 1zant and
Weinfraub, Scignce (1985) 220:345-352; and Kim and Wold, Cell (1985) 42:129-138 See also, izant and
Weiniranb Cell (1884) 38:1007-1015; Pestka ef al. Proc. Nall. Acad. Sci. USA (1884) 81:7525-7528; Mizuno
o al. 1bid (1984) 81:1986-1970; Coleman et al. Cell (1884) 37:683-691; Travers, Nature (1984) 311:410 and
Weintraub et al. Trands in GeriaBics (1085) 1:22-25. McGarry and Lindquist, Proc. Netl. Acad. Sci. USA
{7886) 83:396-403, report the inhibition of heat shock protein-synthesis by heat inducible anti-sense RNA.

SUMMARY OF THE INVENTION

Regulation of expression in plant cslls is achieved by integrating into the plant cell host a DNA
sequence comprising a gene in which the transcribed DNA sequences are at least partially complementary
to a DNA sequence already transcribed by the host The exogenous integrated DNA will be under the
transcriptional control of a transcriptional initiation region recognized by the plant cell host. Transcription of
the exogenous integrated DNA will result in multicoples of an anti-sense RNA which will be complementary
to an endogenous RANA of the host cell. This anti-sense mRNA will result in reduction of the functioning of
the naturally existing RNA. - : :

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 indicates the EcoRi-BamHi fragment from pCGN 1401. This fragment comesponds to the 5'-
portion of P1 inciuding the région encoding the N-terminus of the mature polygalacturonase protein. The
underlined amino acids are predicted from the DNA sequence and agree with the amino acid sequence
dstermined by chemical sequencing from purified polygalacturonass; and

Fig. 2 Is a flow chart of the various plasmids used in the construction of the binary vector pCGN783.

DESGRIPTION OF THE SPEGIFIC EMBODIMENTS

Methods and compositions are provided for modulating RNA utilization, particularly modulation of a
phenotypic property of & plant host cell. The compositions involve transcription constructs having transcrip-
tional initiation and termination regions separatsd by a sequence which is complementary to a2 sequence

~ presant on RNA, particularly messenger RNA, endogenous to ths host. By this means, various processes

&5

endogenous to the plant host cell may be modulated, s0 that the production of individual prateins may be
reduced, multi-enzyme processes modulated, particular metabolic paths modulated or inhibited in pref-
erence to one or more other metabolic paths, production of non-proteinaceous products reduced, ceil
differentiation modified, and the fike.

The sequence complementary to a sequence of the messenger RNA will usually be at least about 15
nuclectides, more usually at lsast about 20 nucleotides, preferably about 30 nucleotides, and more
preferably about 50 nucleotides, and may be 100 nuclectides or more, usually being fewer than about 5000
nuclectides, more usually being fewer than 2000 nucleotides, and preferably bsing fewer than 1000
nucleotides. The sequence may be compi mentary to any sequ nce of the messenger RNA, that is, it may
be proximal to the 5'4terminus or cepping site, downstream from the capping site, between th capping site
and the initiation codon and may cover all or only 8 portion of the non-coding region, may bridge the non-
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coding and coding region, be complementary to ali or part of the coding region, complementary to th 3-
terminus of the coding region, r complementary to the 3-untransiated region of the mRNA.

In referring to Messenger RNA, the Messenger RNA may be processed or unprocessed, that is
including introns. Thus, the non-coding region may include the 5" or 3' non-coding flanking regions and the
introns. .
™ The particular site(s) to which the anti-sense ssguence binds and the tength of the anti-sense ssquence
will vary depending upon the degree of inhibition desired, the uniqueness of the sequencs, the stability of
the anti-sense sequence, or the like. Therefore, to some degres, these factors will be determined
empirically based on the experience observed with a particular anti-sense sequence.

The sequence may be a single sequence or & repetitive sequence having two-or more repetitive
sequences in tandem, where the single sequence may bind to a plurality of messenger RNAs. In some
instances, rather than providing for homoduplexing, heteroduplexing may be employad, where the same
sequence may provide for inhibition of a plurality of messenger ANAs by having regions complementary to
different messenger RNAs. - : ) :

The anti-sense sequence may be complementary o & unigue sequence or a repeated sequence, so a8
to enhance the -probabiiity of binding. Thus, the anti-sense sequence may be involved with the binding of a
unique sequence, a single unit of a repatitive sequence or of a pluraltty of units of a repstitive sequence.
The anti-sense sequence may result in the modulation of expression of a single gene or a plurality of
genes. .
The transcriptional construct will be comprised of, in the direction of transcription, & transcriptional '
initiation region, the sequence coding for the anti-sense RNA on the sense_strand, and a transcriptional
termination region. : Lo

The transcriptional initiation region may provide for constitutive expression or regulated expression. A
large number of promoters .are avallable which are functiona! in plants. These promoters may be obtained
from Ti- or Ri-plasmids, from plant cells, plant viruses or other hosts ‘where the promoters are found o be
functiona! in plants. lllustrative promoters include. the octopine synthetase promoter, the nopaline synthase
promoter, the manopine synthetase promoter, etc., as fliustrative of promoters of bacterial origin functional
in plants. Viral promoters include the cauliflower mosaic virus full length }(353) and region V1 promoters, stc.
Endogenous plant promoters include the ribulose-1,6-biphosphate (RUBP) p’arboxylase small subunit (ssu),
the s-conglycinin promoter, the phaseolin promoter, the ADH promoter, heat-shock promoters, tissue
specific promoters, e.g., promoters associated with fruit ripening, etc. : . :

The transcriptional initiation region may be a naturally-occurring region, a ANA polymerase binding
region freed of the regulatory region, or a combination of an RNA ploymerase binding region from one gene
and reguiatory region from a difierent gene. The regulatory region may be responsive to a physical
stimulus, such as.heat, with heat shock genes, light, as with the RUBP carboxylase SSU, or the fike.
Alternatively, the regulatory region may be sensitive o differentiation signals, such as the g-conglycinin
gens, the phaseolin gene, or the like. A third type of regulatory région Is responsive to metabolites. The
time and level of expression of the anti-sense RNA can have a definite effect on the phenotype produced.
Thus the promoters chosen will determine the effect of the anti-sense RNA.

Any convenient termination region may be employed, conveniently the termination region of the RNA
polymerase binding region, or a different termination region. Various termination regions are avallable and
the choice is primarily one of convenience, where prior constructions or DNA sequences may be avallabie.
Conveniently, the opine termination regions may be employed., or termination regions from endogenous
genes, such as the genes which have been described previousty. '

- The various fragments may be joined by linkers, adapters, or the like, or directly where convenient
restriction sites are available. The DNA sequences, particularly bound to a replication system, may be
Joined stepwiss, where markers present on the replication system may be employed for selection.

The constructions of the subject invention may be introduced into the host cell In a variety of ways. Of
particular interest is the use of A. tumefaciens, with protoplasts, injured leaves, or other explant tissues.
Other techniques which may find use Inciude electroporation with protoplasts, liposomne fusion, microinjec-

_ tion, or the like. The particular method for transforming the plant cells is not criical to this invention.

Any plant may be employed in accordance with this invention, including angiosperms, gymnosperms,
monocotyledons, and dicotyledons. Plants of interest include cersals such as wheat, barley, maize, triticale,
etc.. fruits, such as apricots, orenges, grapefruits, apples, pears, avocados, etc.; nuts, such as walnuts,
almonds, filberts, pecans, etc.; vegetables, such as carrots, lettuce, tomatoes, celery, turnips, potatoes,
broceoli, asparagus, etc.; woody species, such as popiar, pine, sequoia, cedar, oak, etc; mamental flowers;

r other cash crops, such as tobacco, jojoba, rapsseed, Cuphes, soybeans, sunfiower, sugar boet, saftiower,
otc. For each species, there will generally be different genes to modulate, so as to change the ph notype of
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the host. . i

After the celis have been transformed, the calis will be regenerated into piants. Various techniques exist
for regenerating plants from cells. Calii can be developed from the cells and the calii induced to form shoots
which may then be transfered to an appropriate nutrient medium in soll to regenerate the plant. The plants
will then grow and, as appropriats, may be crossed with other plants so as to establish the stability of the
change in phenotype over & number of generations. Other techniques may be employed for regenerating
the plants without pollination or fertilization. Because those plant genotypes that can be regenerated from
culture may not be directly applicable as crop varisties, the transformed plant may be crossed with
alternate uniransformed germplasm in order to transfer the trait to appropriate breeding lines.

A wide varisty of modifications may be made in numerous types of plants. These modifications may
inciude varying the fatty acid distribution of a fatly acid source, such as rapeseed, Cuphea or jojoba,
delaying the ripening in fruits and vegetables, changing the organoleptic, storage, packaging, picking and/or
processing properties of fruits and vegetables, delaying the flowering or senescing of cut flowers for
bouguets, reducing the amount of one or more substances in the plant, such as caffeine, theophyliine,
nicotine, attering flower color, enhancing disease resistance, or engineering virel disease resistance in

v plants.

For changing the fatty acid distribution, target species could be coconut ‘and paim trees, Cuphea

‘species, rapeseed, or the like. The target genes of particular interest could be acetyl transacylase, acyl
. carrier protein, thioesterase, etc. '

For varying the amount of nicotine, & target species could be tobacco. The target genes could be N-

_ methylputrescine oxidase or putrescine N-methyl transferase.

For delaying the.ripening in frults, the target species could tomato or avocado. The targst genes couid
be polygalacturonase or cellulase. L

" For varying the amount of caffeine, the target species could bé coffes (Coffea arabica). The target gene ; -

could be 7-methylxanthine, 3-methy! transferase.
For varying the amount of theophyliine, the species could be tea (Camellia sinensis). The target gene

could be 1-methyixanthine 3-methyl transferase.

For altering flower color the targets could be petunia, roses, carnations, or chrysanthemums, etc. The
target genes could be chalcone synthase, phenylalanine ammonia lyase, or dehydrokasmpferol (flavone) -
hydroxylases, etc. .

For altering lignin content, the targets could be loblolly pine, Douglas fir, poplar, etc. The farget genes
could be cinnamoy-CoA:NADPH reductase or cinnamoy! alcohol dehydrogenass, efc. : S

In general, reducing the activity of one enzyme at a branch point in a metabolic pathway could allow
alteration of the ratios of the products formed. . .

For enhancing viral disease reistance in plants, target virusfplant combinations would be tobacco -
rnosaic virus in tobacco or tomato, bast necrotic yellow vein virus, the causal agent of Rhizomania in sugar
beets, various strawbarry viruses in strawberries or aimost any other combination. Expression of anti-sense
viral RNA in the plant cell could reduce viral infection or inhibit profiferation. .

The transcription construct will usually be joined to a replication system, ‘particularly a bacterial
replication system, for manipulation and cloning during its construction. The replication system can be any
convenient replication system, particularly one that is functional in E. cofi, and one or more markers may be
present for detecting transformed bacteria. -

Where A. tumefaciens or A. rhizogenes is employed for transferring the DNA. the construction will giso
be joined to at least one “r-DNA border. Thus, the construction will include one T-DNA border, particularly
the right T-DNA border, or may be sandwiched between the left and right T-DNA borders.

Various techniques exist for transferring the construct employing the Ti- or Ri-plasmid as the means for
the transfer. These techniques include providing for a plasmid which is capable of replication in Agrobac-
ferium, where the construct in T-DNA becomes integrated into the Ti- or Ri-plasmid by recombination.
Alternatively, binary vectors may be employed, where the Ti- or Ri-plasmid in the Agrobacterium may or
may not have & T-DNA region homologous with the T-DNA of the construct. in elther event, so long as the
vir genes are presant on the endogenous plasmid, the T-DNA can be transferred successfully to the plant.

By having a2 marker as part of the expression construct, particularly antibiotic resistance, such as
kanamycin resistance, hygromycin resistancs, gentasicin resistance, bleomycin resistance, etc., one can
select for those plant ¢ lis which have retained the construct infunctional form. Where binary vectors are
being employed and where the T-DNA in the Ti- or Ri-plasmid f the Agrobacterium retains the oncogenes,
one will select for morph logically normal cells, which lack oncog nic exprassion. '

Where electroporation or microinjection is employed, there need be no concem about gall formation
and one expects that th morph logy of the resulting piants wouid be normal, except for the modified
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phenotype. ’ : B

An example of the use of an anti-sense strand is the regulated modulation of the expression of
polygalacturonase (PG) in tomatoes. The ability to reduce the production of polygalacturonase could have 2
positive effect on the solids content of the tomato plant and improve tomato processing.

To contro! polygalacturonass expression in tomato fruit a transcription construct is prepared having the
anti-sense strand of the polygalacturonase gene transcribed. The entire gene including flanking regions
need not be employed, conveniently cDNA or a fragment thereof may be employed. The fragment will be
from about 100 to 2000nt, more usually from 150 to 1000nt. - : .

The transcription Initiation regulatory region is desirably inducible, rather than constituitive, particularly
being active at the time of fruit breaking (shortly prior to ripening). For this purpose the polygalacturonase
gene transcriptional initiation region may be employed or a transcriptional initigtion region of another gene
associated with the development of frult during ripening. .

The manner of construction of the transcription cassette need not be repeated here. Once the construct
has been prepared, it is introduced into tomato plant cells in accordance with conventiona! ways, and plants
regenerated from the cells. .

The following examples are offered by way of illustration and not by way of limitation.

EXPERIMENTAL
Exampie 1:

AroA ‘Anti-Sense -

Materials and Methods .

T4 ligase was from ProMega Biotech. Restriction enzymes, Klenow polymerase fragment, and _8_51131

~ were from Bethesda Ressarch Laboretories (BRL).

Construction of the octdpine cassette, pCGN4S1.

The ccs5-ocs3' cassetie, was inserted into a derivative of pUCB (Vieira and Messing, Gene (1982)
19:250-268), where a Xhol linker (CCTCGAGG) was inserted at the Hincil Site and the ECoRI site removed
by fllling in with the Kienow fragment of DNA polymerase. The octopine synthetase cassefte was prepared
by linking the Xhol (15208) - BamHI (13774) fragment from the octopine Ti-plasmid pTiA6 (Currier and
Nester (1876) J. Bact. 126:157-165; Thomashow et al. Cell (1980) 19:728-739) containing the T-DNA border
1o the cut-down BamHT (13774) to EcoRl (inker) fragment (the numbering Is by Barker, et al. Plant Mol.
Biol. (1983) 2:335-350, for the closely related Ti-plasmid pTi15855). The cut-dowri BamHI-ECORI fragment
was obtained by digesting an EcoRl (13362) 1o BamHI (13774) subclone of the T-region of pTIAS with Xmnl
(13512), followed by resection with Bal31 exonuciease. EcoRl finkers (GGAATTCC) were added and EcoRl
to BamH| fragments of approximately 130bp gel purified, cloned into M13mpd and sequenced. A cions in
which the EcoRl linker was inserted at 13642 between the transcription initiations point and the translation

initiation cadon was Identified by comparison with the sequence of de Greve et al. J. Mal. Appl. Genet

(1682) 1:499-512. ) ~

The EcoRl cleavage site was at position 13538, downstream from the mRNA start site. The Smal site at
11207 was converted to a Xhol site using oligonucieotide linkers (CCTCGAGG) and the 3 end of the
octopine gene from the EcoRl (12823) to the converted Xho! site added to the cassette. The resulting
expression casselts having the octopine synthetase 5'-rogion (15208-13639) and 3'-region (12823-11207)
was then inserted into the Xhol site of the modified pUCB to provide pCGN451.

Construction of the aroA Sense/Anti-Sense Binary Plasmid.

pPMG38 (Comai et al. Nature (1985) 317:741-744) was digested with BamHl to provide a fragment
containing the aroA gene (nucleotides 1377-2704; Stalker et al. J. Biol. Chem. (1985) 260:4724-4728), which
was insarted iffio the BamHi site of the mes5'-ocs Cassette, pCAN46 (Comai et al. Nafure (1085) 317:741-
744) in the anti-sens {minus orientation) with respect to the mas promoter to provide pCGNS64b. ~

The same aroA gene as described ebove, as an EcoRl fragment from pPMG38, was inserted into
pCGN451 in the octopine cassetts, after digestion of pCGN451 with EcoRl resulting in plasmid pPMG45
(ocs-aroA). ‘ ‘
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pCGN525 resulted from combining the large _l:!_it_ldlll-BamHl fragment of pACY184 (Chang and Cohen, J.

Bact. (1878) 124;:1141-115_6) with the mdlll-BamHl fraEr_n'ént of the bacterial kanamycin resistance gene
from Tn5 {(Jorgensen et al. Molec. Gen. Genet. (1979) 177:65-72). The Xhol fragment of pPMG45 was

‘inserted into the Sall site of pCGNS25 to provide pCGN@E3. The Hindll sits of pCGNAB3 was replaced with

a Xhol linker (CCTCGAGG) and the Xhol fragment from pCGNBB4 containing the mas-anti-gense Sroh
construct was inserted into this new Xhol site. This plasmid, containing both the sense and anti-sense aroA
genes, is pCGNEES5. - : )

pCGNET7B, a binary vector, was constructed by ligating pCGNSE5 and pRK280 (_D_n_g et al. Proc. Nati.
Acad. Sci. USA (1980) 2:7347-7351) after digestion with _B__g_lll.

-

Construction of pPMG54, An aroA Sense Plasmid.

The ﬂA gene, as & _)g\gl fragment, from pPMG45 was inserted into pCGN517 digested with §_a_l| to
provide pPMG54. pCGN517 is prepared from pHC78 (Hohn and Collins, Gene (1980) 11 +291-298) with the
kanamycin resistance gene of Tn803 from pUCSK (Vieira and Messing, Gene (1882) _1_9_:259-268) inserted at
the Pstl site. : . .

Mating to Agrobacierium tumefaciens and Gall Formation.

pCGNS78 and pPMG54 were each plate mated with A. tumefaciens strain K12 (strain K12 wes
generated by transforming pTiAS into strain At14 (NT1); (Scigky et al. Plasmid (1978) 1:238-253) and
pRK2073 (Leong et al. J. Biol. Chem. (1882) 257:8724-8730), The plate-mating protoco! is described by
Comai et 2l Plasmid (1983) 10:21-30. Agrobacterium carrying pCGN8788 was selected on AB plates
{Chilton et al. Proc. Natl. Acad. Sci. USA (1974) 71:3672-3676) plus 200ig/m| streptomycin and 50ug/mi
kenamycin and. the presence of pCGNB78 confimned by Southem analysis. Recombinants with pPMG54
integrated into the T-DNA of K12 were selected on AB plates plus 100ug/m! kanamycin and confirmed by
Southemn analysis. ' , ’ :

" Galls were induced on 3- to 4-month-old Kalanchoe plants by wounding leaves with toothpicks dipped
in a solution of pCGNS78xK12 and pPMB54xK12 (about 10° bacteria/m! in MG/L broth (Garfinke! and
Nester, J. Bacteriol. (1980) 194:732-743). Gall material was harvested from four plants for each construct
“Foor Tour weeks and frozen at-70° C until use. The gall material was randomized for each construct and
analyzed for aroA protein by Western analysis. . o - .

The Western analysis was performed as follows: T -
2.3g of pPMB54xK12 and 3.0g of pCGNG78xK12 gall tissue were ground in liquid nitrogen. 0.3g/g tissue of
polyvinylpyrrolidons was added. The tissue was suspended in 1.5mbg fissue of 0.1M sodium citrate, pH 5.6,
10mM EDTA, 0.15M NaCl, 0.05% Nonidet P-40, 25mg/ml bovine serum -albumin (BSA), 1mM dithiothreitol,

. 1mM phenylmethylsulfony! flouride (PMSF), 10um leupseptin (Sigma) and 10mM thiourea. The homogsenate

was centifuged & 15000g for 15min at 4 C. 25u! of antiserum, prepard by injecting purified 3-
enolpyruvyishikimate phosphate (EPSP) synthase into rabbits and 12511 10% (w/v) suspension of S. aureus
(Calbiochem) were added to each supematant and incubated with agitation for 1h at room temperature.
Samples were then centrifuged (5000xg, Smin) and the peliet washed twice with 50mM Tris, pH 7.5
1mM EDTA, 0.5M NaCl and 0.05% Nonidst P-40. The resulting pellets were suspended in 100ul 0.125M
Tris, pH 6.8, 4% SDS, 20% glycerol and 10% 2-mercaptoethanol and heated for 2min at 80° C. The entire

. sample was then electrophoressd on & 10% acrylamide gel. The resoived peptides were transferred to

nitrocellulose (BASS, Schieicher and Schusll) as described by Bumette Anal. Biochem. (1 981) 112:195-203)
at 100V for 3hr in a Hoafer TE42 transfer unit. Nitrocellulose filters were then incubated in BLOTTO (20mM
Tris, pH 7.5, 5% dehydrated skim milk, 0.5M NaCl, 0.1% anti-foam A, 10mM Na Azide) for 1hr at room
temperature, followed by an overnight incubation at 4" C in BLOTTO containing a 1:50 dilution of anti-EPSP
synthase serum. Filters were washed for 10min in 20mM Tris, pH 7.5, 150mM NaCl, for 20min in the same
buffer containing 0.05% Tween-20 and for ancther 10min in butfer without detergent. BLOTTO containing
10°cpm/ml of '*Hlabsled protein A (9uCiimg; NEN) was then added to filters and incubated -at room
temperature for 2hr. The filters were washed overnight in 50mM Tris, pH 7.5, 1M NaCi and 0.4% lauryl

_sarcosine and then washed for 3hr at room temperature in 50mM Tris, pH 7.5, 5mM EDTA, 150mM NaCl,

0.5% Triton X-100, and 0.1% SDS. Atter rinsing and drying, filters w re exposed to Kodak XAR X-rey film
at 70" C using a DuPont Lightning Plus intensifying screen.

The pCGNE78 containing gall showad only 10-20% of the activity of the control pPMG54 galis. Earil
comparisons of the expression of aroA in the binary system versus the integrated system showed that the
binary system is only 70-80% s éfficient as the integrated system. Theref re, an overall decrease in aroA

8
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activity of 60% is observ d wh re the anti-sense construct is-giso present.

Experimental for Electroporation Experiments Ptasmid Confructions.
The anti-sense

5'mas-afoA-3'0CS

construct, pPCGNB64b, was oon}suucted as déscrlbed above. The sense

5'mas-afoA-3'0CS

construct, pCGN@64a, was obtained from the same ligation, with the sense orientation being selected.
Plant material.

Protoplast donor plants of Nicotiana tabacum cv. Xanthi were grown in glass jars under aseptic
conditions as described elsewhere (Faccioti and Pilet, 1979). Apical shoots were placad in 100ml! of agar
medium (Murasahige and Skoog (MS) medium) containing 0.7% Gibco: Phytagar, 30gN sucrose, 1.0mg/t
IAA and 0.15mgh Kinetin, adjusted to pH 5.55 prior to autoclaving). The cultures were kept at 23:2" C under
2 12hr darkflight regime. : , oo

The following steps ware.performed under aseptic conditions with sterile solutions. C

Young lsaves were removed from 4-5 week oid plants during the dark portion of the cycle. The main -
veins were discarded, and the remaining leaf tissue was cut once longitudinally. These leaf sections were
infiltrated {to 200 militorr) with a 6% sorbitol solution conteining 0.4% pectinase (Pectolyase Y-23, Seishin

- Pharmaceutical Co. Lid., Japan) and 0.6% cellulass {Onozuka RS, Yakult Pharmaceutical Industry Co. Ltd.,
Japan). After 2-3hr incubation, the macerate was gently pipetted to releass protoplasts and passed through

2 521 nylon filter. The protoplasts were pelleted by centrifugation at 50xg, and washed twice with 7%
sorbito! solition. Protoplest density was dstermined by uss of & hemacytometer (using & 1mm, 8 square
grid, the average of the squares counted multiplied by 10* yields an estimate of the total number of
protoplasts per mi). Based on the calculated density, protoplasts were suspended at a final density. of 22-
3.0 million per ml in buffer (buffer containing: 10mM Hepes pH 7.1, 140mM NaCl, smM CaCl; and 6%
sorbitol). :

Electroporation.

Protoplasts suspended in buiter were divided into 1mi aliquots. To each aliquot 1mg of carrier DNA (in
the form of herring sperm DNA) was added. Following the addition of carrier DNA, plasmid DNA was added
in the desired concentrations. The protoplast/DNA mixture was incubated for Smin prior to electroporation
and subsequently transferred to 1ml aluminum foil lined plastic cuvettes for electroporation. The elec-
troporation pulse was delivered by a 1250uF capactor charged to 150 volts. The pulse duration was
measured through the buffer solution, devoid of protoplasts, and found to be 40msec. Following elec-
troporation the protoplasts were incubated for 10min at room temperaturé in the cuvetts, and subsequently
transferred to Petri plates, diluted with 10ml of protoplast culture media (MS salts containing 0.6mg/1 NAA,
0.2mgn 2,4-D, 0.8mg/ Kinetin, 5.5% sorbitol and 30g/ sucrose) and cultured at 232° C in complste
darkness. After '48-50hr the protoplasts were harvested by gentle centrifugation (50xg for 6min), the
supernatant removed and protoplasts frozen in liquid nitrogen and stored at 70" C. At a later date the
frozen protoplast pellet was suspended in 1mi of extraction buffer for Westem analysis (containing: 0.1M Na
Citrats, 10mM EDTA, 150mM NaCi, 0.05% Nonidet, 25mg/m! BSA, imM PMSF, 10mM DTT, 10mM
thiourea, 102M leupeptin). 0.05g/mi polyvinylpyrrodidone (PolyClarAT, BDH) was added and the mixture
ground for 30sec in a Polytron homogenizer. The supernatant was collected and Western analysis
perform d as described above. i

Experiments.

Experimental treatments utllized pCGNG64a and pCGNBB4b (ses section on Plasmid construction for

7
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details of each construct). In each experiment treatments containing both 864a and 864b were compared to

treatments containing 864a or 964b alone:

© 50y 96la 2
50u 964a :
50u 964a :
" 50p 96lua 2
50u 964a :

Ou 964a :

Oun 964Db
10u 96Ub
25u 964b
50u 964b

100p 964b
50y 964b

In all cases the addition of the anti-sense DNA (964b) reduced the protsin level detected by Western
analysis (compared to levels obtained with 864a alone). The reduction in ievel averaged 50%. No protein

was detected in 864b alone, as expected.
Example 2:

Polygalacturonase Anti-sense Construct.

,. Badarial Str.ains.‘
. _Table I. Bacterial Strains

.Escherichia Coli

-Designation Phenotype Origin/Reference
7118 Alac Vieira and Messihg
‘ ' Gene (1 19:259-268
Y1088 hsdR~ hsdM*  Youns and Davis
. - PNAS USA (1983)
Y1090 Alon 80:1194-1198
€2110° : polA Stalker et al.

Enzymes and Radioisotopes

PNAS USA (1983)
80:5500-5504

All enzymes wers obtained from commercial sources and used according to the manufacturer's
suggestions. Radioisotopes were obtained from New England Nuciear. )

isolation of poly(A) + RNA

Ripe fruit of tomato cv. CaliGrande was harvested and frazen in liquid N2. Frozen tissue was ground in
a mortar and pestie in liquid Nz, and the resulting powder was extracted by homogenization with a
Brinkman polytron in buffer described by Facciotti et al. Bio/Technology (1985) 3:241-246. Total RNA was
pr pared as describsd by Colbert et al. Proc. Nat. Acad. Sci. USA (1883) 80:2246-2252.

Polysaccharides were pracipitated trom total RNA preparations with 40mM sodium acetate and 05 vol
ethanol (Mansson et al. (1985) Mol.Gen.Genet. (1985) 200:356-361. P iy(A)+ RNA was isolated as de-
scribed by Maniatis et al. (1882) Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, New York.
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Synthesis of cDNA

Synthesis of cDNA from poly(A) +RNA was performed as described by Gubier and Hoffman, Gene
(1983) 25:263-269 with the following modifications: The reaction mixture for synthesis of the first strand
s incliuded imM dGTP, 1mM dATP, 1mM TTP, 0.5mM dCTP, 0.5 unitiul RNasin (Promega), 4ig of tomaio
poly(A)+ RNA, and 80-100 units of reverse transcriptase (Life Sciences). The reaction was stopped with 2u
of 500mM EDTA, then_precipitated with 10iLg tRNA, 1 vol 4M NH,OAc, and 2.5 vol of ethanol overnight on
dry ice. - )
Sacond strand synthesis was performed from approximately 500ng of the first strand reaction product.
Aliquots of the first and second strand reaction mixtures were radiolabeled separately with 20u.Ci of 5'[a -
32p] dCTP to monitor each reaction independently. ) .

-
[~

Clonin'g of Double-Stranded cDNA in Agtt1.

16 The double-stranded cDNA was EcoRlI methylated as described by the manufacturer (New England
" Blolabs). After ethano! precipitation, the CONA ends were blunted using 3 units of the Kienow fragment of
DNA polymerase | (Bethesda Research Laboratories) the foliowing conditions: 66mM Tris-HCI pH 7.5,
20mm MgClz, 100mM dithiothreftol, 100uM dGTP, GATP, TTP, and dCTP at room temperature for 1 hr. The
DNA was then ethanol precipitated. After blunting, 2ig of EcoRl phosphorylated linkers were added to the
20 cDNA in 10ul of figase buffer (50mM Tris, pH 7.5, 10mM MgClz, 20mM dithicthreitol, ImM ATP, and
Smg/mi bovine serum albumin). Te. DNA. ligase (1 Weiss_unit, Woeiss, J. Biochem. (1968) 243:4543,
Promega) was added and incubated for 6 hr at 15" C. An additional Weiss unit of T« DNA ligase in 10wl of
ligese buffer was then added and incubated for 24 hr at 45-19°'C. The reaction was phenol extracted,
~ ethano! procipitated and digested with 100 units EcoR! (New England Biolabs) for -8 hrs, phenol extracted
25 and ethanol precipitated. Excess linkers and cDNBA Tewer than 500 base pairs were removed by chromatog-
raphy on Bio-gel A-50m (100-200 mesh) and the sized cDNA was ligated to EcoRkcleaved »gt11 vector
DNA (Statagens) as described by Huynh et al. in DNA Cloning: A Practical Approach, ed. D.M. Glover, pp.

_ 49-78, IAL Press, Oxford, England, 7885, L aL o

In vitro packaging reactions were performed with Giga-pack extracts (Strategene) as described by the
so vendor, Inflial test ligations and in vitro packaging were dons using various dilutions of cDNA to empirically
determine the optimal ration of cDNA~vector for production of recombinant phage. The packaged agtht
phage were plated on E. Coli Y1088 in the presence of i_sopropoyi-i-ﬁ\io-ﬁ-[)-galactoside (IPTG) and 5~ -
* brome~4-cloro-3-indolyl-5-D-galactoside (X-gal) as described: by Huynh st &. (1985), supra to determine the

e . e [l aSvhey

number of recombinants. Greater than 5x10° racombinants at a 80% nsertion rate was obtained in Mgtil.
Library Screening

Approximately 200,000 phage from an unampiifisd Agtll library were screened at a density of 20,000

-plaques-forming units per Scm square plate using E. coli Y1090 as the host as described by Huynh et al. .

4 (1885), except that NZY media (per liter: 5§ NaCl, 2g MgClz, 10g NZamine type A (Sheffield Products), 5g

yeast extract and 15g agar) was used. Plates were incubated and .overlaid with nitrocellulose sheets

containing IPTG as described by Huynh et &l (1985), supra. The nitroceliulose sheets were saturated with

0.5M Tris pH B.0, 0.15M NaCl, 0.02% NaNs, 0.1% Triton X-100 and 5% non-fat dry milk, then incubated 30

min at room temperature with the same buffer containing antipoiygalacturonase2 antibody (see below)

45 diluted 1:1000. Bound antibody was detected with an alkaline phosphatase-conjugated second antibody

(Promega) as described by the vendor. Positive plaques were purified by successive piating and phage
DNA was prepared as described (Maniatis et al. (1882).

Subcloning and Sequencing of cDNA insert P1

Phage DNA from positive plaque P1 was digested with EcoRI and the resulting fragment was subcloned
in _Egm‘digasted vector M13 Blue Scribe Minus (Stratagt;ﬁ?) by in vitro ligation. Initial DNA sequencing
was performed using single-stranded template from the Blue Scribe construct prepared as described by the
manufacturer. All DNA sequencing was performed as describad by Sanger et al., Proc. Natl. Aced. Sci. USA

86 (1977) 74:5463 or Maxam and Gilbert, Methods Enzymol. (1880) 65:409-580. Overlapping sequences were
obtained by subcloning purified BamHI-EcoRl, HinDlI-EcoR!, and BamHI-HinDlil fragments (Maniatis t al.,
supra) from the Blue Scribe corisiruct info M13mp18 Vanisch-Pervon et al. Gene (1985) 53:103-118) and
M13mp1@ (Norrand r et al. Gene (1883) 26:101-106). - -
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Polygslacturonase Purification for Protein Sequancing

Total cell wall bound proteins were preparéd_ from ripe fruit of cv. CaliGrande as described by Crookes
and Grierson, Plant Physiol. (1983) 7211 088-1093. The extract was dialyzed agalnst 0.025M ethanclamine,
pH 9.4, and applied o a 8 x 300mm column’of chromatofocusing exchanger PBE 84 (Pharmacia)

-equilibrated with 0.025M ethanolamine, pH 8.4. Bound proteins were elutad with Polybuffer 86, pH B.0

(Pharmacia). Fractions containing polygalacturonase were pooled and precipitated with ammonium sulphate
{60% saturation) and further tractionated by chromatography over a hydroxyapatite (HAPT) HPLC column.
Two mi volumes were layered onto the column and chromatographed at 1 mi/min using a linear gradient
extending from 10mM to 350mM sodium phosphate, pH 6.8. Samples were monitored at Azsc and
fractionated into 0.5m! volumaes. Fractions collected from numerous funs which contained polygalacturonase
ware pooled and dislyzed against 6% acefic acid, then lyophilized. -

Protein Sequencing

Polygalacturonaée prepared as described above was sequenced intact with @ Beckman 830 M Liquid‘
Phase Amino Acid Sequencer. The following N-terminal sequence was obtained: Gly-ile-lys-val-ile-asn.

Polygalacturonase Purification for Antibody Production

" Tomato cell wall bound protsins were prepared from ripe fruit of cv. UCB2B as describad by Tucker and.

Grierson,” Planta (1982) 155:64-67. The pellet from ammonium sulphate precipitation was dissolved in
750mM NaCl and then dialzyed ovemight against the same butter. T

The protsin solution was then fractionated on 2 TSK 3000/2000 HPLC sizing column_using. an isocratic . -

gradient containing 10mM NaCl and 10mM Tris pH 7.2 at a flow rate of 0.5 mi/min.
TSK fractions containing polygalacturonase- activity (Reisfeld et al. Nature (1862) 195:281-283) were

o

~ pooled and and further fractionated over an hydroxyapatite HPLC column using a linear ‘gradient of 10mM-

350mM sodium phosphats, pH 6.8 and a flow rate of 1 mimin. The peak containing polgalacturonase
activity was collected and used to Inject rabbits for antibody production. o

Polygalacturonase for booster injections was prepared by resolving the coll wall bound protein
preparation on SDS polyacrylamide gels. The material precipitated with ammonium sulphate (ses above)
was electrophoresed on 3mm thick and 14mm wide gels containing 12.5% polyacrylamide (Lasmmli, -
Nature (1870) 227:880-685) and proteins were visualized by staining with Coomassie Brilitant Blue R. The
region corresponding to the polygalacturonase bands (approximately 40,000 - 43,000 daltons) was excised,
frozen, and ground with fiquid Na. .

Antibody Preparation

One rabbit was given 4 injections of polygalacturonase (1 25ug injection) over & one month pericd. The
same rabbit was then given a booster injection of polygalacturonase (approximately 150ug) recovered from
SDS polyacrylamide gels. An identical booster injection was again given ons week after the first. The animal
was exsanguinated 2 weeks later as a source of sarum.

Six ml of the crude serum were diluted with 6mi of 0.1M sodium phesphate, pH 7.0, and applied to a
&ml column of Protein A-Sepharose (Sigma). The column was washed with 80ml of 0.1M sodium
phosphate, pH 7.0, and the IgG fraction was then eluted with 0.1M glycine, pH 3.0. Fractions with the
highest A280 were pooled, dialyzed against 20mM sodium phosphats pH 7.6, 150mM NaCl and con-
centrated on an Amicon XM80 membrane. Glycerol was then added to a final concentration of 40%.

Affinity purified antisarum was prepared by incubating the 1gG fraction with polygalacturonase linked to
a Tresscryl (Pharamacia) affinity chromatography matrix as described by the vendor. Polygalacturonase
purified for protein sequencing was finked to 4m| of Tresacryl resin as described by the manufacturer. Five
mi of IgG prepared as described above was diluted to 50mi with 0.01M Tris pH 7.5, 150mM NaCi and 0.1%
Tween-20 (TBST) and incubated with the resin ovemight &t 4 C. The resin was then washed with TBST
and eluted with 0.2M glycine, pH 2.75. Fractions with A280 were pooled and dialyzed against 10mM Tris pH
8.0, 150mM NaCi. The final volume of purified antibody was 12m! representing a 1:2 dilution of the original
serum.

RESULTS

10
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Identtfication of Polygalacturonase cDNAs

Twelve putative polygalacturonase clones were identified from the )\gtll fibrary by reaction with the
antibody preparation described above. Using inserts purified from two of the clones as probes, Northern
analysis demonstrated that one cione (C3) encoded mRNA expressed during tomato development. in the
manner and size expected for polygalacturonase mRNA. .

To identify additional putative CONA clones encoding polygalacturonass, phage DNA was prepared from
the remaining 10 clones, digested with EcoRl and Hindlll, and subjected to Southern blot hybridization
analysis (Manlatis et al., supra) using clons C3 insert &s a probe. An additional CDNA clone (P1) cross-
hybridized fo C3 and was Turther characterized to provide sequencas for anti-sense expression. The identity
of P1 as a polygalacturonase cDNA clone was confirmed by comparison of the amino acid sequence
predicted from the DNA sequence to the actuat polygalacturonase protein sequence. The clons encodes &
portion of the polygalacturonase gene beginning approximately at the N-terminus of the mature polygalac-
turonase polypeptide ;nd extending to the carboxy terminus inciuding the 3' untranslated region.

Construction of the Anti-sense Polygalacturonase Binary Plasmid

Phage P1 DNA was diges_téd with EcoR! and the cDNA insert was ligated in Ego_ﬂl-digested M13 Blue
Scribe Minus (Stratagene) to yield pCGNT401.
pCGN1401 was digested with BamHl and EcoRl to provide a 218 bp fragment {Fig. 1) which includes 7

. bases (GAATTCOC) of the EcoRl linker, 2 basss of the polygalacturonase leader sequence (AT), the triplet

_ . encoding the N-terminal amino acid of the mature polygalacturonase protsin (GGG) and 210 additional
. basas to the BamHI site. This fragment was inserted In the unique BamHI-EcoR! site of the masS5'-ocs3’

_ cassstte, pPCGN4B (Comal et al. Nature (1883) 317:741-744). This resulted in insertion of the fragment in the-

anti-sense (minus ofientation) o the mas promoter to yield pCGN1402. e - -
pCGN1402 was then digested Wit the restriction enzyme Xhol and cloned into the unique Sall site of
the binary plasmid pCGN783 containing a plant kanamycin resistance marker bstween the left and right

borders. This results in pCGN1403. This plasmid in E. coli C2110 was conjugated into Agrobacterium

" “wumefaciens coritaining 2 disarmed Ti plasmid capablie of transferring the polygalacturonase ant-sense

35

§6

. tasselte and the kanamycin resistance cassette into the plant host genome.

-The . Agrobacterium system which is smployed is A. tumetaciens PC2760 (G.—Ooms et al. Plasmid

| (1982) ot al. Nature (1983) 303:179-181; European Patenf Application 64-200239.6, 2424183). -

‘Construction of pCGN783

pCGN783 is a binary plasmid containing the left and right T-DNA borders of Agrobactrium tumefaciens

octopine Ti-plasmid pTiA6 (Currier and Nester (1976) supra) the gentamycin resistance gene of pPH1JI

s

" (Hirsch et al. Plasmid (1984) 12:138-141), the 35S. promoter of caulifiower mosaic virus (CaMV) (Gardner _e_t

al. Nucleic Acid Res. (1981) B:1871-1880); the kanamycin resistance gene of Tn5' (Jorgensen, Mol. Gen.
(1979) E:SS): and the 3' region from transcript 7 of pTIAS (Currier and Nester (1976), supra). The
construction of pCGN783 is outlined in Fig. 2.

Construction of pCGN739 (Binary Vector)

To obtain the gentamicin resistance marker, the resistance geno was isolated from a 3.1kb EcoRI-Pst
fragment of pPHWI (Hirsch et al. 1884, supre) and cloned into pUC8 (Vieira et al. Gene (1982) 19:259-268)
yielding pCGN548. - - - -

The pCGN548 Hindili-BamH| fragment containing the gentamicin resistance gene replaced the Hindill-
Bglit fregment of pCGNS87 (for construction, see infra) creating pCGNSE4. -

The pCGN584 Hindli-BamHI region which contains an ocs-kanamycin-ocs fragment was replaced with
the Hindlli-BamHl palylinker region from pUC18 (Yanisch-Perron, 1985, supra) to make pCGN739.

Construction of 726c (1ATG-Kanamycin-3' region)

-pCGNS66 contains the -EcoRi-Hind!li linker of pUC18 (Yanisch-P rron, ibid) inserted into the EcoRl-
Hindil sites of pUC13-cm (K Buckiey, Ph.D. thesis, UC-San Diego, 1985). The Hindlll-Bgll fragment of
pNW31c-8, 28-1 (Thomashow et al. (1880) Cell 18:729) containing ORF1 and 2 (Bark r ot al. (1983), supra)
was subcloned Into the Hindli-BamHi sttes of pCGNSEE producing pCGN703. I

11
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. The Sau3A fragment of pCGN703 containing the 3 region of transcript 7 from pTiAS (corresponding to
vases 2396-2820 of pTi15955 (Barker ot al. (1983), supra) was subcloned into the BamHl site of pUC18
(Yanisch-Perron et al. (1985), supra) producing pCGN709. T T
—Fhe EcoRFSmal polylinker region of pCGN703 was replaced with the EcoRI-Smal fragment from
pCGNS587 ffor production see infra) which contains the kanamycin resistance gene (APHS'I producing

. pCGN726.

The EcoRi-Sall fragment of pCGN726 plus the Bglli-EcoRl fragment of pCGN734 are Inserted into the
BamH-Sall sites of. pUGE-pUC13-cm (chloramphenical rasistant, K. Buckley, PhD. Thesis, UC-San Diego,
1985) producing pCGN738. To construct pCGN734, the Hindlil-Sphl fragment of pTiAB comesponding to
basss 3300-3241 (Barker et al. (1983), supra) was cloned nto the Hindlll-Sphi site of M13mp18 (Norrander
et al. (1883), supra). Using an oligonuciediide comesponding to bases 3387 to 3300, DNA synthesis was
Brimed from this template. Following S1 nuclease treatment and Hindlll digestion, the resulting fragment
was cloned into the Hindlli-Smal site of pUC19 (Yanisch-Perron ot al. (1985), supra). The resulting EcoRl-
Hindill fragment corrésponding to bases 3287-3380 {Barker of al. (1383), supra) was cloned with the EcoRl
# Hindlll fragment of pTiAB (corresponding to bases 3390-4494) into the EcoRlI stte of pUC8 (Vieira and
Messing (1982),-supra) resulting in pCGN734. pCGN726c Is derived from pCGN738 by deleting the S00bp -
EcoRFECoR! fragment. :

2

Construction of pCGN766¢ (35s promoter - 3' region)

“The Hindlll-BamHi fragment of: pCGN167 (for constiuction see infra) containing the CaMV-35S pro-
moter, 1ATG-kanamycin gene and the BamHl fragment 19 of pTIAB was cloned into the BamHI-Hindlll sites
of pUC18 (Nomander et al. (1983), supra; Yanisch-Perron ét al. (1985), supra) creating pCGNE76. o

The 358 promoter and-3' region from-transcript 7 was developad by inserting @ 0.7kb Hind!il-EcoR!
fragment of pCGNB76 (35S promoter) and the 0.5kb EcoR-Sall fragment of pCGN709 (transcript 7:3%, for
construction, see supra) into the Hindlll-Sall sites of pCGNS66 creating pCGN786¢. '

Final Construction of pCGN783-

The 0.7kb Hindli-EcoR! fragment of pCGN766c (CaMV-358 promoter) was figated to the 1.5kb EcoRl-
Sall fragment of pCGN726¢ (1-ATG-KAN-3' region) into the Hindlll-Salli sites of pUC119 (J. Vieira, Rutgers
University, N. J.) to produce pCGN778. e '

The 2.2kb region of pCGN778, Hindlil-Sall fragment ‘containing the CaMV 358 promoter (1-ATG-KAN-3’
region) repiaced the Hindlll-Sall polyfinker fegion of pCGN738 to produce pCGNT783.

pCGNS87 wes prepared as follows: The Hindlll-Smal fragment of TnS containing the entire structural
gene for APH3'll (Jorgensen et al. Mol. Gen. (1979) 177:85), wes cloned into pUC8 (Visira and Messing,
Gene (1882), 19:259), converting the fragment into a Hindlli-EcoRl fragment, since there is an Ecofl site
immediately adjacent to the Smal site. The Psti-Ecofil fragment containing the 3-portion of the APH3'I

gene was then combined with an EcoRI-BamHAFSalPstl linker into the EcoRl site of pUC7 (pCGN546W).
Since this construct does not confer kanamycin fesistance, kanamycin resistance was obtained by inserting
the Bgli-Pst! fragment of the APH3'll gens into the BamHH-Pst! site (pPCGN546X). This procadure reassem-
bles the APH3'Il gene, so that EcoRl sites flank thé gene. An ATG codon was upstream from and out of
reading frame with the ATG inifiation codon-of APHS'Il. The undesired ATG was avoided by inserting a
_Sg:iA-_P;stl fragment from the 5'-end of APH3'Il, which fragment lacks the superflucus ATG, into the BamHi-
Pstl site of pPCGNS46W to provide plasmid pCGNS50. The EcoR! fragment of pCGNS50 containing the
APH3'll gene was the then cloned into the EcoRl site of pUCE-pUC13 (K. Buckley (1985), supra) to give
pCGNS551. - - -

Each of the EcoRl fragments containing the APH3'll gene was then cloned Into the unique EcoRl site of
pCGNA451, which contains an octopine synthase cassette for expression, (as described in Example 1) to
provide pCGN54B (2ATG) and pCBNS52 (1ATG). The plasmid pCGN451 having the ocs 5' and the ocs 3" in
the proper orientation was digested with EcoRl and the EcoRI fragment from pCGN551 containing the intact
kanamycin resistance gene inserted info the EcoRl site to provide pCGNS52 having the kanamycin
resistance gene in the proper orientation.

This ocs/KAN gene was used to provide a selectable marker for th trans type binary vector pCGNS87.

The §' portion of the engineered octopine synthase promoter cassette consists of pTiA6 DNA from the
Xnhol at bp 1520813644 (Barker ot g (1983), supra), which also contains the T-DNA boundary sequence
{Dorder) implicated in T-DNA transfer. In the plasmid pCANSS7, the ocs/KAN gene from pCGNGS52 provides
a selectabie marker as w Il the right border. The lsft boundary region was first cloned in M13mp9 as 8

12
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Hindlll-Smal piece (pPCGN502) (base pairs 602-2212) and reclon d as & K_ﬂl_l-_EggRl fragment in pCGN565
T provide pCGN580. pCGNSBS Is a cloning vector based on pUCS-Cm, but containing pUC18 linkers.
pCGNSB0 was linearized with BamHl! and used to replace the smaller-Bgll fragment of pVCK102 (Knauf and |

Nester, Plasmid (1982) 8:45), Creating pCANSSS. By replacing the smaller Sall fragment of pCGNSB5 with

e Xhol fragment from PCGNSS52 containing the ocs/KAN gene, pCGNS87 was obtained.

To construct pCGN167, the Alul fragment of CaMV (bp 7144-7735) (Gardner et al. Nucl. Acids Res.
(1881) 98:2871-2888) was cbtained by digestion with Alul and cloned into the Hincll sits of M13mp7 (Vieira
Gene (1982) 19:259) to create C614. An EcoRl digést of CB14 produced the EcoRI fragment from C814
containing the 35S promoter which was Cloned into the EcoRl site of pUCB (Vieira et al. Gene (1882)
19:258) to produce pCGN146. — BN

"™ To trim the promoter region, the Bglil site (bp 7670) was treated with Bptil and‘ym and subsequently

a Bglll linker was attached to the Bal3 treated DNA to produce pCaN147. .

—pCGN148a containing a promoter region, selectable marker (KAN with 2 ATG's) and 3' region was
prepared by digesting pCGN528 (see below) with Bglll and inssrting the BamHHBglil promoter fragment
from pCGN147. This fragment was cloned Into the Bglli site of pCGNS28 so that the Bgll! site was proximal

. to the kanamycin gene of pCGNS528.

The shuttle vector used for this construct, pCGN528, was made as follows. pCGNS25 was made by
digesting a plasmid containing Tn5 which harbors a kanamycin gene (Jorgenson et al. Mol. Gen. (1878}
177:85) with Hindiil-BamH! and inserting the Hindili-BamH! fragment containing the kanamycin gene into the
Hindli-BamHT sttes Tn the tetracycline gene of pACYC184 (Chang & Cohen J. Bacteriol. (1978) 134:1141-
7756). pCGNS28 was made by inserting the BamHI fragment 1€ 70 Of p1iA6 (Thomashow et al. Cell (1980)

19:729-739) into the BamHl site of pCGNS25. pCGNS28 was obtained by delefing the small -_)a\_o'ﬁagme'nt o
from pCGN526 by digesting with Xho! and religating. T e
pCGN148a was made by cloning the BamH! kanamycin gene fragment from pMBSKanXXl.into the ...

BamHl site of pCGN148a. o

T pMB9IKanXXl is a pUCA4K variant (Vieira & Messing, Gene (1982) 19:259:268) which has the Xhol site
missing but contalns a functional kanamycin gene fram Tn803 to allow for efficient selection in Agrobac-
terium. , : v .

— pCGN149a was digestsd with Bglll and Sphl. This small Bgl-Sphi fragment of pCGN1492 was replaced
with the BemHi-Sphi fragment from MI (See below) isolaied by digestion with BamHl and Sphl. This
produces PCGN167, a construct containing a fill length CaMV promoter, 1ATG-kanamycin gene, 5 end and
the bacterial Tn903-type kanamycin gene. Mi is an EcoRl fragment from pCGNS50 (see construction of
pCGNSB7) and was cloned info the EcoRl cloning sits of M13mp8 in such a way that the Psti site in the
1ATG-kanamycin gene was proximal To the polylinker region of M13mpS. T - ~

& is evident from .the above results that it is possibie to modulate expression of a gene in the genome
of a plant host by providing for transcription of a sequence complementary to the messenger RNA of 8 .
gene expressed in the host. In this manner, various processes can be modified or controlled, resulting in .
enchancement of production. of particular products, changes In celiular differentiation and development,
inhibition of formation of products, changes in phenotype, or the Ilke. The uss of the anti-sense control can
provide for substantia! inhibition or varying degrees of reduction of expression of a particular product. In this
manner, cellular phenotypes can be modified without the production of extraneous proteins and with
particular targeting to a specific gene.

Although the foregoing invention has been described in some detail by way of lilustration and example
for purposss of clarity of understending, it will be obvious that certaln changes and madlfications may be
practiced.

pCGN978xK12 was deposited at the A.T.C.C. on 25th March 1886 and given Accession No.67084 and -
PCGN1401 was deposited on 7th October 1986 at the A.T.C.C. and given Accession No. 67227.

Claims

1. A method for regulating the expression of a gene in a plant csll which comprises:
integrating into sald plant call genome a construct comprising a promoter functional in said plant
csll, a dSDNA sequence having the transcribed strand complementary to RNA endogenous in said cell
and a termination region functional in sald celi;
growing said plant cell containing said integrated construct, whereby said complementary strand is
transcribed and modulates the function of said endogenous RNA in said csil.

2. A method accord!ng 1o claim 1, wherein said ndogenous RNA is messenger RNA.,
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3

4.

7.

EP 0 458 367 A1

A method according to claim 2, wherein modulation of said function results in an altersd phenotypic
trait.

A method according to any one of the preceding claims wherein said RNA endogenous to said cell
comprises indigenous RNA.

A plant cell prepared according to the method of any one of the preceding claims.

A DNA consttuct comprising a transcriptional initiation reglon functional in a plant cell, a dsDNA
sequence having as the transcribed strand a sequence complementary to an RNA sequence endog-
enous to a plant cell, and a transcriptional termination region.

A DNA construct according to claim 6 including a sequence coding for a marker capable of selection in
a plant csll.

A DNA construct according to claim 6 or claim 7, wherein said RNA seguence endogenous to said
plant cell is indigenous RNA.

A plasmid comprising & replication system functional in a prokaryotic host and a DNA construct

" according to any one of claims 6, 7 or 8.

10

11.

A plasmid comprising a replication system ﬁmctlonal in Agrobacterium and.a DNA construct according
to any one of claims 6 t0 8 contamnng at least one T-DNA border.

A plant danved from a cell according to claim § or from a cell which has been transtormed with a DNA
construct or plasmid according to any one of claims 6 to 10.
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